The generation of random dot stereogram targets for use in vision therapy and enhancement by Saxerud, Michael
Pacific University 
CommonKnowledge 
College of Optometry Theses, Dissertations and Capstone Projects 
5-1996 
The generation of random dot stereogram targets for use in vision 
therapy and enhancement 
Michael Saxerud 
Pacific University 
Recommended Citation 
Saxerud, Michael, "The generation of random dot stereogram targets for use in vision therapy and 
enhancement" (1996). College of Optometry. 1178. 
https://commons.pacificu.edu/opt/1178 
This Thesis is brought to you for free and open access by the Theses, Dissertations and Capstone Projects at 
CommonKnowledge. It has been accepted for inclusion in College of Optometry by an authorized administrator of 
CommonKnowledge. For more information, please contact CommonKnowledge@pacificu.edu. 
The generation of random dot stereogram targets for use in vision therapy and 
enhancement 
Abstract 
The generation of random dot stereogram targets for use in vision therapy and enhancement 
Degree Type 
Thesis 
Degree Name 
Master of Science in Vision Science 
Committee Chair 
Scott C. Cooper 
Subject Categories 
Optometry 
This thesis is available at CommonKnowledge: https://commons.pacificu.edu/opt/1178 
Copyright and terms of use 
If you have downloaded this document directly from the web or from CommonKnowledge, see 
the “Rights” section on the previous page for the terms of use. 
If you have received this document through an interlibrary loan/document delivery service, the 
following terms of use apply: 
Copyright in this work is held by the author(s). You may download or print any portion of this 
document for personal use only, or for any use that is allowed by fair use (Title 17, §107 U.S.C.). 
Except for personal or fair use, you or your borrowing library may not reproduce, remix, 
republish, post, transmit, or distribute this document, or any portion thereof, without the 
permission of the copyright owner. [Note: If this document is licensed under a Creative 
Commons license (see “Rights” on the previous page) which allows broader usage rights, your 
use is governed by the terms of that license.] 
Inquiries regarding further use of these materials should be addressed to: CommonKnowledge 
Rights, Pacific University Library, 2043 College Way, Forest Grove, OR 97116, (503) 352-7209. 
Email inquiries may be directed to:.copyright@pacificu.edu 
THE GENERATION OF RANDOM DOT STEREOGRAM TARGETS FOR USE IN 
VISION THERAPY AND ENHANCEMENT 
BY 
MICHAEL SAXERUD 
A thesis submitted to the facultv of the 
College of Optometry • 
Pacific University 
Forest Grove, Oregon 
for the degree of 
Doctor of Optometry 
May, 1996 
Adviser: 
Scott C. Cooper, O.D .. M.Ed. 
PAGlfiG UN!VERSJTY UBPAP.Y 
fOREST GHOVE, OREGON 
SIGNATURE PAGE 
Nlc\ae!Sax~\1.S. 
Optometry Student 
BIOGRAPHY 
Michael Saxerud received his B.S. in Bacteriology and his M.S. in Microbiology from 
North Dakota State University in 1986 and 1988 respectively. He spent the next 2 years in 
microbiological research at North Dakota State University, followed by two years of 
medical research at the Marshfield Medical Research Foundation, in Marshfield, 
Wisconsin. He enrolled at the College of Optometry at Pacific University in 1992, and will 
graduate in May, 19%. He plans to enter private practice upon graduation. 
INTRODUCTION: 
Historv 
Random-dot stereograms were first developed by Bela Julesz in 1959 while working at 
Bell Laboratories ( 1). These stereograms avoid global brightness and hue changes and 
portray structure by depth gradients alone. Because random-dot stereograms contain no 
monocular clues as to depth or form, the perception of an object floating above or behind 
the background can only be the result of binocular interaction in the cortex. This 
development gave researchers a novel tool in the study of vision. Researchers have since 
used this approach to isolate those vision processes occurring at the level of the retina and 
those occurring beyond the retina. Before random-dot stereograms became available, 
attempts at such studies had difficulties with retinal rivalry, clouding both the results and 
their interpretation. Retinal rivalry occurs when dissimilar contours are presented to 
corresponding retinal areas, making fusion impossible. In an example of the use of 
random-dot stereogram in vision research, it has found that both the magnocellular and 
parvocellular channels are used in perceiving depth (2). It had been previously claimed that 
only the magnoceilular channel was involved in this process (3). 
Repeating-pattern Random-Dot Stereograms 
In order to view repeating-pattern random-dot stereograms, the two eyes must 
simultaneously fuse separate but repeating random-dot patterns that are identical except for 
a group of dots within the background that has been laterally shifted in one eye' s view with 
respect to the other. These laterally shifted dots determine the form hidden within the 
stereogram. The extent of the lateral shift determines the stereoptic demand, and therefore 
the amount of float perceived. A second type of random-dot stereogram is a vectographic 
version. This version is not used in this thesis. This technique uses a non-repeating 
random pattern across the entire stereogram, which is printed on a clear plastic backing. A 
second matching random pattern is printed on another plastic sheet, but the dots producing 
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the image, and therefore the float, are laterally offset. Typically, the images are printed 
with dichroic chrystal ink which creates a polarized image. The two images are then 
printed at 90 degrees to each other. The viewer wears polaroid glasses set at the meridians 
of the printed images, and each eye sees only one of the images. Most random-dot 
stereograms, of either version, have no direct cues regarding the vergence posture required 
in order for fusion. There are, however, several ways to help the viewer achieve the 
proper vergence posture. One of these is to make conspicuous a repeating multi-colored 
pattern, instead ofblack and white random dots. This is common with the commercially 
available random-dot stereograms sold as posters, books, and calendars. Another method 
is the use of fusion spot pairs. Many times these consist of two circles with lateral 
disparity in the thickness of the circle, leading to float of the spot when fused. Both of 
these can greatly decrease time to fuse for both the naive and experience viewer. Those 
random-dot stereograms with no aides to fusion remain the most difficult to perceive 
quickly, and require greater control over vergence to elicit the vergence posture needed 
perceive the depth and form within the stereogram. 
Variations to reduce time to view stereograms 
It has been reported that perceiving depth and form can take from several seconds to 
minutes for the naive observer when viewing complex stereograms (4). (Complex 
stereograms are defined as those having several to many depth planes with large disparities, 
requiring large vergence movements in order to obtain fusion.) Julesz (1) reported an 
observed increase in speed of fusion and recognition of random-dot stereograms when 
subjects were given information about the depth and/or form prior to viewing the random-
dot stereogram. Frisby and Clatworthy ( 4 ), upon repeating this effort, found no benefit 
derived from this prior inf01mation. However, there was a positive effect on time to fusion 
after practicing viewing the random-dot stereograms, and this benefit was shown to last for 
several weeks. 
The effect of decreased time to fuse a random-dot stereogram with practice has been called 
the vergence hypothesis (5). In this, the practiced viewer learns the proper sequence of 
vergence movements needed to view a stereogram. This is necessarv as manv random-dot 
....... '-' ... ... 
stereograms offer no cues as to the vergence posture needed for fusion. The addition of 
monocular cues to a large disparity stereogram (disparity beyond Panum' s fusional area) 
has been shown to decrease the time needed to fuse (5, 6). No benefit was found, 
however, to adding monocular clues to small disparity stereo grams (disparity within 
Panum' s fusional area) in terms of time needed to fuse. This is due to the verv short time 
needed to fuse these small disparity stereograms in the first place (5). 
An original theory about random-dot stereograms is that there are no monocular cues 
contained within the pattern of dots. However, researchers have found that to a certain 
extent the monocular patterns of random-dot stereograms can be learned, and this helps 
facilitate depth perception (7). Also, the vergence demands can be learned, leading to 
quicker appreciation of the image. 
Stereopsis and form 
In experiments designed to determine stereoacuity limits with random-dot stereograms, a 
threshold twice as high for form recognition as for depth discrimination was found (8,9). 
This difference in threshold between depth and form recognition was found at all disparities 
tested, and the recommendation was made that pattern discrimination in random-dot 
stereograms should not be used to quantify stereoacuity (10). It was determined that as 
luminance levels fell off, the ability to recognize the pattern fell off more quickly than did 
the ability to perceive depth (8). Also, introducing a plus lens fog yielded a much more 
rapid increase in form recognition thresholds than depth thresholds ( 10). A fog of plus two 
diopters caused the ability to perceive either depth or form to fall off to chance levels. A 
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fog of plus one diopters, either monocularly or binocularly, decreased the percent of correct 
responses to 80%. Changes in contrast affected performance in observing random-dot 
stereo grams (11 ). Unilateral changes in contrast were found to be much more detrimental 
than were bilateral changes. This could lead to the conclusion that amblyopes could have 
more difficulty viewing random-dot stereograms than an individual with a well-functioning 
binocular system. 
Ghost planes 
We in shall ( 12) has done extensive work in the area of ghost planes in random-dot 
stereo grams. Ghost planes arise when multiple matches of the repeating random-dot 
pattern are able to be made. Weinshall used ambiguous random-dot stereograms with 
multiple possible matches, leading to different levels of t1oat of the form. This was 
accomplished by varying the percent of dots matched at different demands of vergence. 
She found that a higher percentage of matching dots led to more stable images, and a lesser 
likelihood of seeing a ghost plane. She also found that stereograms with 50% of the dots 
having no correlating dots to match with were annoying to the subjects and difficult to fuse. 
A stereogram with perfect correlation between the right and left dots and no random 
unmatched dots is easier to see, more stable, and much less likely to produce a ghost plane. 
This is supported by Anderson (13), who states that a more ordered pattern should exhibit 
greater stability than a more disordered pattern containing a mixture of disparities. 
However, even in perfectly matched stereograms, if the subject incorrectly postures 
vergence at a multiple of the demand, ghost images and deformed figures will result. 
Creation of random-dot stereo~rams 
What makes a good random-dot stereogram? Several aspects must be controlled in order to 
achieve the desired result of a clear picture without overlapping ghost images. Julesz ( 1) 
found that the form presented in the stereogram int1uenced the effectiveness of stereopsis. 
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The simpler the form, the easier it was for a viewer to perceive the hidden image. Others 
have found that form had little effect on steropsis at a dot density of 25%, while form did 
influence speed of steropsis when the density of the dots was reduced to 10% (14 ). The 
width of the repeating pattern should be wide enough that incorrect vergence posture is not 
likely. On the other hand, the width should not be so great that the vergence demand is not 
achievable. The dots used as the background should have a high percentage of correlating 
dots to avoid confusion. The contrast of the image should be high enough so as to be 
easily discerned from the backing material. 
Application in vision therapv 
Random dot stereograms offer several intrinsic benefits for use in vision training. These 
include good control over suppression, as no object can be perceived in a random-dot 
stereogram monocularly. Control over malingering is also inherent, as the patient can not 
distinguish the form or perceive f1oat without properly viewing the stereogram. Fine 
control of both accommodation and vergence are also needed in order to clear! y see the 
form hidden within the stereogram. Vergence must be postured within six minutes of arc 
in order to first fuse the random dots and perceive the hidden object ( 15). As the vergence 
demand increases, random-dot stereogram targets require separation of vergence and 
accommodation. Therefore, the patient must have the ability to posture vergence and 
accommodation at different planes in order to fully perceive the depth and clarity of the 
form. 
Some of the limiting factors of random-dot stereogram use in vision testing and training 
include the prolonged time it takes many viewers to perceive the depth and form of a 
random-dot stereogram, and the fact that global steropsis is required in order to perceive 
random-dot stereogram (16). Because of the need for global stereopsis, strabismic and 
amblyopic patients will have great difficulty in perceiving random-dot stereograms. The 
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structure of random-dot stereograms limits the minimum disparity achievable without the 
use of polaroid filters. Harwerth and Rawlings (9) have shown that the dots used to make 
random-dot stereograms need to be at least one minute of arc in size in order to be visually 
discriminated. However, the threshold for stereoacuity is roughly 10 seconds of arc. This 
means that the smallest disparity that can be generated by the offset of one dot is well above 
threshold of stereoacuity. In order to generate smaller test disparities without polaroids, the 
dots must be beyond the resolution capabilities of the human visual system. They have also 
reported problems in that the stereo thresholds measured with random-dot stereograms did 
not correlate with stereo thresholds measured with a Howard-Dolman device. One 
explanation for this is that stereopsis measured by random-dot stereogram methods 
measures global stereopsis, while the Howard-Dolman device measures local steropsis. 
Other differences include the testing distance and the initial vergence demand presented by 
the two tests. If the objective of a test is to measure local steropsis, the complexities of 
random-dot stereograms make them a poor choice. Others have demonstrated that 
stereoacuity tests utilizing designs with spatial uncertainty show poorer results than those 
tests which were designed to eliminate the uncertainty of the position of the stimulus ( 17). 
While the use of random-dot stereograms in the area of vision testing and training is not a 
new idea, it is one with room for expansion. Random-dot stereograms are currently used 
in devices such as the BV AT system for distance stereoacuity, vectograms for vergence 
training, the Lang stereoacuity card for infant and toddler stereoacuity testing, and the 
random-dotE stereotest. Schmidt (18) recommends that the random-dotE stereotest be 
used as a single screening procedure to indicate the need for an eye exam. He found it to 
be both a quicker and more sensitive test than the Snellen acuity technique. 
More recently, random-dot stereograms have caught on in the consumer market as 
novelties. These products can be found in shopping malls, with people gathered around 
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trying with great effort to see what their friends say they can see. They have become 
popular gifts, in the form of calendars, posters, and books. They are found in various 
types of entertainment magazines and comic pages in the newspaper. With the current level 
of curiosity, and the desire to be able to see the hidden pictures, random-dot stereograms 
should make an excellent tool in the vision therapy room. 
This thesis represents an effort to expand the use of random-dot stereograms in the area of 
vision training and enhancement, with the development of both free space and aperture rule 
targets. The aperture rule targets can also double as free space targets. 
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lVIETHODS: 
To generate the random-dot stereograms, the "Depthmaker and Echodotter" program, from 
N.E. Thing Enterprises (19A Crosby Drive, Bedford, MA 01730), was used. This 
program consists of three separate programs, which are used in sequential order to generate 
a random-dot stereogram. The first program, Teach Text, is a text editor used to enter the 
programming language to generate random-dot stereogram. The file is saved with an 
ending of".~", which is "option J" on the Macintosh keyboard. After quitting the text 
editor, the Depthmaker program converts the program language to an image composed of 
depth values. Saving and quitting this program leads you to opening the Echodotter 
program, which creates a three dimensional echodot image. Saving and quitting lets you 
then use a paint program to display this image on the computer screen, as well as print it. 
Claris paint was used in this project. 
The size of the targets generated for free space was programmed as 300 by 300 (units not 
specified in the program manual). The overall size of the target increased as the 
convergence/divergence demand increased. The programming commands used are printed 
on each of the targets in this manual. Convergence and divergence demand for the free 
space targets were determined by setting the interocular gap (lOG, units not specified in 
program manual) to values found to give the desired separation of the repeating pattern of 
random dots (Table 1). These values were entered in the echodotter portion of the 
program. Float of the image was kept in front of the plane by using positive values in 
those targets set for divergence, and negative values in those targets set for convergence. 
The free space targets generated are listed in table two. 
After the stereograms were generated and displayed on the screen, the fusion spot pairs 
were added with the Insert command in Claris paint. The fusion spot pairs are included in 
the Depthmaker and Echodotter program. Once inserted, the separation between dots was 
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adjusted to equal the separation of the repeating random dot patterns. This image was 
saved, then printed. 
To make the targets for the Aperture Rule, size was set to 100 by 100. Inter ocular gap 
was set to 100. It was found that using this size allowed the resulting stereogram to be cut 
down the middle vertically, leaving two halves which were perfect repeating random dot 
patterns. This also maintained the integrity of the disparate dots forming the object within 
the stereogram. These two halves were then separated horizontally to give the vergence 
demand desired. Limits of the program and the random-dot stereograms themselves 
prohibit having made targets 1, 2, and 3 in this series. The cards were made in both a 
base-in and a base-out series to keep the image in front of the plane. The image is the same 
in both cards with the same number (Table 3). 
TABLE 1 
Desired Separation, in mm V er~ence demand at 40 em, 
12 
24 
36 
48 
60 
72 
Separation in mm 
12 
24 
36 
48 
60 
72 
in prism diopters 
3 
6 
9 
12 
15 
18 
a e_-T bl 7 F ree soace tar~rets 
Vergence demand in Depth value 
prism diopters at 40 {no units specified in 
em program manual} 
3 both 5 and 10 
6 both 5 and 10 
9 both 5 and 10 
12 both 5 and 10 
15 both 5 and 10 
18 both 5 and 10 
lOG value 
34 
68 
102 
136 
170 
204 
Form 
square 
sphere 
cone 
torus 
tongues 
tilted sphere 
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Card number 
4 
5 
6 
7 
8 
9 
10 
I 1 
12 
TABLE 3 - Aoerture mle tanzets 
Vergence demand in prism 
diopters at 40 em 
10 
12.5 
15 
17 .5 
20 
22.5 
25 
27.5 
30 
square 
tongues 
half-peeled fruit 
cone 
sphere 
triangle 
horizontal cylinder 
donut 
square with inverted cone 
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DISCUSSION: 
These targets should prove useful in the later stages of vision therapy programs, and 
enhancement cases as well. Rather than printing many sets of the same targets in advance 
and having them laminated, a more versatile appproach to the use of these targets would be 
to have a large number of shapes, numbers, letters, etc., programmed in the text editor. 
When a patient is ready to begin using these targets, the interocular gap, depth, and either 
convergence or divergence can be entered into the program prior to printing on regular 
paper. This keeps the cost down, and makes the targets relatively disposable. It also lets 
the doctor use age appropriate targets and individualize the them for the paient. 
The targets presented in this thesis are the efforts made early on while learning the 
Depthmaker and Echodotter program. These are simple targets for the most part, and do 
not demonstrate the limits of the program. Although learning this program takes time, it 
will be a valuable asset in the vision therapy office. 
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I* free space convergence, 36, square, lOG = 34, depth = 1 0 
size 300 300 
rect set 1 00 1 00 ZOO ZOO -1 0 
output 
0 G 
I* convergence, 66, sphere, free space , lOG = 68, depth = 1 0 
size 300 300 
sphere set 1 50 1 50 1 20 -1 0 
output 
0 0 
I* convergence 9.6, free space,donut, lOG = 1 02, depth = 1 0 
size 300 300 
cone set 1 50 1 50 1 00 -1 0 
output 
0 0 
I* convergence 126, free space, torus, lOG = 1 36, depth = 10 
size 300 300 
torus set 150 150 50 100 -10 
output 
0 0 
I* convergence 156, free space, tounges, lOG = 1 70, depth = 10 
size 300 300 
sphere set 150 150 125 -10 
xslope mult 0 0 -3.0 300 300 3.0 
yslope mult 0 0 -3.0 300 300 3.0 
output 
0 0 
I* convergence 1 86, free space, tilted sphere, lOG = 204, depth = 1 0 
size 300 300 
sphere set 1 50 1 50 7 5 -1 0 
yslope mult 0 0 -2.0 300 300 2.0 
output 
f free space convergence, 36, square, lOG = 34, depth = 5 
size 300 300 
rect set 100 100 200 200 -5 
output 
0 0 
!* convergence, 66, sphere, free space, lOG = 68, depth = 5 
size 300 300 
sphere set 1 50 1 50 1 20 -5 
output 
0 0 
* convergence 96, free space,donut, lOG = 102, depth = 5 
size 300 300 
cone set 1 50 1 50 1 00 -5 
output 
0 0 
I* convergence 1 26, free space, torus, lOG = 1 3 6, depth = 5 
size 300 300 
torus set 1 50 1 50 50 1 00 -5 
output 
0 0 
I* convergence 1 56, free space, tounges, lOG = 1 70, depth = 5 
size 300 300 
sphere set 150 1 50 125 -5 
xslope mult 0 0 -3.0 300 300 3.0 
yslope mult 0 0 -3.0 300 300 3.0 
output 
0 0 
)* convergence 1 86, free space, tilted sphere, lOG = 204, depth = S 
size 300 300 
sphere set 1 SO 1 SO 7 S -S 
yslope mult 0 0 -2.0 300 300 2.0 
output 
I* free space convergence, 36, square, lOG = 34, depth = 1 0 
size 300 300 
rect set 1 00 1 00 ZOO ZOO -1 0 
output 
I* convergence, 66, sphere, free space, lOG = 68, depth = 10 
size 300 300 
sphere set 1 50 150 1 20 -1 0 
output 
* convergence 9ll, free space,donut, lOG = 1 02, depth = 1 0 
size 300 300 
cone set 1 50 1 50 1 00 -1 0 
output 
j* convergence 126, free space, torus, lOG = 1 36, depth = 10 
size 300 300 
torus set 1 50 1 50 50 i 00 -1 0 
output 
I* convergence 1 56, free space, tounges, lOG = l 70, depth = l 0 
size 300 300 
sphere set 1 50 1 50 1 25 -1 0 
xslope mult 0 0 -3.0 300 300 3.0 
yslope mult 0 0 -3.0 300 300 3.0 
output 
I* convergence 18.6., free space, tilted sphere, lOG = 204, depth = 1 0 
size 300 300 
sphere set 1 50 1 50 7 5 -1 0 
yslope mult 0 0 -2.0 300 300 2.0 
output 
I* free space divergence, 3.6, square, lOG = 34, depth = 1 0 
SIZe 300 300 
rect set 1 00 1 00 200 200 1 0 
output 
0 0 
I* divergence, 6.6, sphere, free space, lOG 
size 300 300 
sphere set 1 50 1 SO 1 20 1 0 
output 
0 
68, depth 10 
0 
* divergence 9~, free space,donut, lOG = 1 02, depth = 1 0 
size 300 300 
cone set 1 50 1 50 1 00 1 0 
output 
0 0 
I* divergence 126, free space, torus, lOG = 136, depth = 10 
size 300 300 
torus set 1 50 1 50 50 1 00 1 0 
output 
0 0 
j* divergence 1 56, free space, tounges, lOG = 1 70, depth = 10 
size 300 300 
sphere set 1 50 1 50 1 2 5 i 0 
xsiope muit 0 0 -3.0 300 300 .5.u 
ysiope muit 0 0 -3.0 300 300 3.0 
output 
0 0 
I* divergence 186, free space, tilted sphere, lOG = 204, depth = 1 0 
size 300 300 
sphere set 1 50 1 50 7 5 1 0 
yslope mult 0 0 -2.0 300 300 2.0 
output 
I* free space divergence, 36, square, lOG = 34, depth = 5 
size 300 300 
rect set 1 00 1 00 200 200 5 
output 
0 0 
I* divergence, 66, sphere, free space, lOG = 68, depth = 5 
size 300 300 
sphere set 1 50 1 50 1 20 5 
output 
0 0 
* divergence 9ll, free space,donut, lOG = 1 02, depth = 5 
size 300 300 
cone set 1 50 1 50 1 00 5 
output 
0 0 
I* divergence 12~, free space, torus, lOG = 136, depth = 5 
size 300 300 
torus set 1 50 1 50 50 1 00 5 
output 
0 0 
I* divergence 1 56, free space, tounges, lOG = 170, depth = 5 
size 300 300 
sphere set 150 150 125 5 
xslope mult 0 0 -3.0 300 300 3.0 
yslope mult 0 0 -3.0 300 300 3.0 
output 
0 
I* divergence 186, free space, tilted sphere, lOG = 204, depth = 5 
size 300 300 
sphere set 1 50 150 75 5 
yslope mult 0 0 -2.0 300 300 2.0 
output 
i"' free space divergence, 36, square, lOG = 34, depth = 1 0 
size 300 300 
rect set 1 00 1 00 200 200 1 0 
output 
I* divergence, 66, sphere , free space, lOG = 68, depth = 1 0 
size 300 300 
sphere set 1 50 1 50 1 20 1 0 
output 
I* divergence 96, free space,donut, lOG 
SiZe 300 300 
cone set 1 50 1 50 1 00 1 0 
output 
l 02 , depth 10 
/* divergence 1 2.0. , free space, torus, lOG = 1 3 6, depth 1 0 
SIZe 300 300 
torus set 1 50 1 50 50 1 00 1 0 
output 
I* divergence 1 Sb., free space, tounges, lOG = 170, depth = 1 0 
SIZe 300 300 
sphere set 1 50 1 SO 125 1 0 
xslope mult 0 0 -3.0 300 300 3.0 
yslope mult 0 0 -3.0 300 300 3.0 
output 
j* divergence 1 86, free space, tilted sphere, lOG = 204, depth = 1 0 
size 300 300 
sphere set 150 150 75 10 
yslope mult 0 0 -2.0 300 300 2.0 
output 
'" AP 4 BO - Square 
size 1 00 100 
rect set 20 20 80 80 -1 0 
output 
0 0 
* AP 5 BO- four tounges 
size 1 00 1 00 
sphere set 50 50 3 5 -1 0 
xslope mult 0 0 2.0 1 00 1 00 -2.0 
yslope mult 0 0 2.0 100 1 00 -2.0 
output 
0 0 
* AP 6 BO - half peeled fruit 
size 1 00 1 00 
sphere set 50 50 3 6 1 0 
rect ref! 0 0 50 50 0 
rect ref! 50 50 1 00 1 00 0 
sphere max 50 50 1 8 5 
output 
0 0 
~ AP 7 BO - cone 
;ize l 00 l 00 
:one set 50 50 400 -1 0 
)Utput 
0 0 
AP 8 BO - sphere 
ize 1 00 1 00 
phere set 50 50 40 -1 0 
,utput 
0 0 
* AP 9 BO - triangle, up 
size 1 00 1 00 
tri u set 20 20 80 80 -1 0 
output 
0 0 
~" AP 1 0 80- horcyl 
;ize 1 00 1 00 
lorcyl set 20 20 80 80 -1 0 
)Utput 
0 0 
* AP 1 1 BO- donut 
Size 1 00 1 00 
cone set SO 50 20 1 0 
cone mult 50 50 20 1 .0 
circle add 50 50 40 -1 0 
output 
0 0 
* ap 1 2 - square with inverted cone 
Size 1 00 1 00 
cone set 50 50 20 1 0 
cone mult 50 50 20 1 .0 
rect add 20 20 80 80 -10 
output 
0 0 
< AP 4 - Square 
;ize 1 00 1 00 
ect set 20 20 80 80 1 0 
)Utput 
0 0 
,_. AP S - four tounges 
:;ize 1 00 1 00 
:;phere set SO SO 3S 10 
-:: slope mult 0 0 -2.0 1 00 1 00 2.0 
yslope mult 0 0 -2.0 1 00 1 00 2.0 
cect abs 0 0 1 00 1 00 0 
Jut put 
~ AP 6 - half peeled fruit 
;ize 100 l 00 
;phere set 50 50 36 l 0 
·ect refl 0 0 50 50 0 
·ect refl 50 50 100 100 0 
3phere max 50 50 1 8 5 
)Utput 
0 0 
AP 7 - cone 
,ze 100 100 
::me set SO SO 400 1 0 
utput 
0 
AP 8 - sphere 
ize 1 00 1 00 
phere set 50 50 40 1 0 
Jut put 
0 0 
AP 9 - triangle, up 
ze 1 00 1 00 
·1 u set 20 20 80 80 1 0 
Jtput 
0 0 
AP 1 0 - horcyl 
;ize 1 00 1 00 
10rcyl set 20 20 80 80 1 0 
)Utput 
0 0 
AP 11 - donut 
.ze 100 100 
Jne set 50 50 20 1 0 
Jne mult 50 50 20 -1 .0 
:rcle add 50 50 40 10 
utput 
0 0 
ap 1 2 - square with inverted cone 
ize 1 00 1 00 
one set 50 50 20 1 0 
one mult 50 50 20 -1 .0 
;ct add 20 20 80 80 1 0 
utput 
0 0 
